ABSTRACT Action and uptake of azides, nitrates, nitrites, hydroxylamines, and ammonium salts were measured on germination of Amaranthus albus, Lactuca sativa, Phleum pratense, Barbarea vulgaris, B. verna, and Setaria glauca seeds. Nitrate and nitrite reductase activities were measured in vivo for each of these kinds of seeds. Activities were measured in vitro for catalase, peroxidase, glycolate oxidase, and pyridine nucleotide quinone reductase on extracts of A. albus and L. sativa seeds before and after germination. The enzymic activities measured and the responsiveness of the haemproteins to inhibition by the several compounds indicate that nitrites, azides, and hydroxylamines promote seed germination by inhibition of H202 decomposition by catalase. Ammnonium salts showed pronounced promotive activity only for B. verna and B. vulgaris seeds, for which they served as metabolic substrates.
Nitrates stimulate germination of many dormant seeds (8, 11, 27, 31) , while ammonium salts are usually ineffective. Functioning of nitrates in seed germination through reduction to ammonium ions, as occurs in the nutrition of plants (1, 17) , is thus open to question. The only analysis of the cause for this control of germination is by , who concludes that nitrate acts as an oxidizing substrate in a metabolic regulatory process involving NADPH -NADP+ in the pentose pathway of glucose metabolism.
We examined the uptake and action of nitrates and other compounds of various nitrogen oxidation levels on germination of several kinds of seeds. Evidence is presented for at least two types of action with hvroxylamine and ammonium ions as probable effective agents. Nitrate action in seed germination was found to depend on nitrite or on hydroxylamine or nitric oxide produced from nitrite, rather than on further reduction to ammonium ions or on the process of reduction per se. Promotion of seed germination probably depends on inhibition by the several compounds of H202 decomposition by catalase. 1Dedicated to Solon A. Gordon.
MATERIALS AND METHODS
Seed Germnation. Seeds showing low germination in darkness on water at constant temperatures, but still responsive to some substrate, were available from lots collected over a period of 3 to 6 years and held in tight containers at -20 C. Seeds tested at the indicated temperatures, which were previously found to be optimum for germination, were those of tumble pigweed (Amaranthus albus L. [ (35) , by reduction to nitrite with zinc. The nitrite produced was measured spectrometrically after conversion to an azo compound. Nitrite was similarly determined without reduction (29) . Cyanide was determined by treatment of solutions with chloramine-T to form CNC1, which was coupled with a pyridine-pyrazolone reagent, and the absorbance was determined at 630 nm (30) . Hydroxylamine was assayed by oxidation with iodine to nitrite after the method of Czaky (5) . Ammonia was determined by the Conway microdiffusion method (4).
Enzymic Activities. Nitrate reductase activity of seeds was assayed in vivo by the method of Ferrari and Varner (6) . This method involved cell leakage of nitrate and nitrite in the presence of 1 % (v/v) propanol under anaerobic conditions. Nitrite reductase was measured in vivo by disappearance from the solution ambient to the seed, followed by determination of nitrite in the seeds by leakage under anaerobiosis. An attempt to measure hydroxylamine reductase by aerobic in vivo uptake failed because of nonenzymatic reaction of hydroxylamine with seeds.
Peroxidase, catalase, glycolate oxidase, and pyridine nucleotide quinone reductase activities were measured at 25 C in aliquots from extracts of imbibed, washed seeds, ground with unit, using 6 ml/0.25 g seeds of 10 mm K phosphate buffer at pH 6.8. Extracts were centrifuged at 12,000g at 3 C for 15 min, followed, in some instances, by millipore filtration to lower the starch content of supernatants. Catalase activity of aliquots was measured by iodometric assay of added H20, remaining after various times (10 
DISCUSSION
Germination in darkness of A. albus, S. glauca, P. pratense, and E. crusgalli seed is enhanced in the order NH3OHX >> XNO2> XNO3>> NH4X (where X is the balancing cation or anion) in terms of reciprocal concentrations for equal effectiveness (Table I) . Disappearance of the salts from the ambient solutions is in the reverse order (Table II) . Failure of NH4X salts to promote germination despite high uptake (Tables I and  II) indicates that the compounds of higher nitrogen oxidation levels are not effective by reduction to NHX. The fact that nitrites are as effective as nitrates, and uptake of both is low, indicates that the process of reduction is not determinative for germination, other than to produce nitrite.
Measured in vivo activities of nitrate and nitrite reductases (Table III) (12), NH4, is generally thought to be the end product (1) .
Ammonium salts inhibited germination of P. pratense seeds, particularly as the temperature was increased to 30 C (Fig. 3) . Inhibition was minor or absent in other cases. An inhibition is an expected possibility because of the considerable uptake of NH4X and the known actions of ammonium salts as inhibitors of L-amino acid oxidase and as uncouplers of oxidative phosphorylation (18) . Findings for B. verna seed germination, and B. vulgaris to a lesser extent, contrast sharply with the response to the nitrogen compounds by the other seeds. Only NH4X is highly effective for promoting germination in darkness (Table  I, Fig. 2 ). It also is avidly taken up (Table II) . These are expected results if ammonium ion serves as a reduced nitrogen source (28) for metabolic processes limiting germination in these seeds.
Neither NOa-nor NO2-can be acting to any considerable extent as substrates to spare oxygen consumption. This is evident in that the amounts of XNO3 and XNO2 taken up (in the concentration ranges promoting germination) are on the order of 1 ,umole/g seed-day, while oxygen consumptions are about 100 /tmoles 02/g seed *day.
Two extreme classes of germination dependence on nitrogen are thus evident at (a) the nitrite or hydroxylamine or (b) the ammonium oxidation level. A. albus seeds possibly have both dependencies, while L. sativa seeds are deficient in both respects, but respond to azide. Two cautions are raised about possible actions of hydroxylamine in seed germination. Its disappearance from solution is in part non-metabolic as shown by reaction with dead seed and seedling injury is evident at concentrations exceeding 0.3 mm (Fig. 1) . Hydroxylamine salts, when effective, maximally promote germination at 0.1 mm or less and inhibit oxygen consumption only at greater concentrations. The respiration and possible injury effects thus are probably not significant at 0.1 mm where germination reponses are pronounced.
Hydroxylamine is a strong reductant and a strong chelating agent. It reacts to form oximes with aldehydes and ketones, or nitrogen ethers with aldehydes, when mono-N substituted (32) . In a metabolic sense it can be reduced to NH2( and can probably form an oxime with the formyl group of cytochrome a to limit electron flow to oxygen or associated phosphorylation (18) in respiration. Formation of oximes, followed by reduction, has sometimes been considered in amino acid formation (34, 38) . Hydroxylamine is an acceptor with low Km value for the glutamyl radical in transamination reactions (7 Roberts (24) (25) (26) 
